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We investigate the low-frequency wave mode associated with heavy particles and its instability
in a collisional complex plasma with drifting ions. The effect of the ion drift on the sound velocity
of this mode is discussed. The general condition of the instability is derived for subthermal ion
drifts, taking into account strong coupling of the particle component. As a general tendency, strong
coupling effects reduce the sound velocity and facilitate the occurrence of the ion drift instability.
A wide parameter range is considered from the weakly collisional to strongly collisional regimes for
the ion and particle components. The chosen plasma parameters are representative to the PK-4
experiment, currently operational on board the International Space Station.
I. INTRODUCTION
Complex (dusty) plasmas are multicomponent plasma
systems, where one of the charged components represents
a collection of massive and highly charged (dust) parti-
cles [1–6]. The presence of these massive charged par-
ticles in a plasma introduces new low-frequency collec-
tive modes associated with the dynamics of the particle
component. The longitudinal collective mode is usually
referred to as the dust-acoustic wave (DAW) [5, 7–9] (be-
cause of the acoustic-like dispersion at long wavelengths)
and plays an extremely important role in complex plasma
research. The DAW dispersion relation was originally
derived for an isotropic complex plasma system, where
both the electrons and ions follow the Boltzmann distri-
bution in the wave potential, while particles react dy-
namically [7]. In more complicated situations this low
frequency mode is sometimes referred to more generically
as the dust density wave (DDW) [9, 10].
Dust acoustic or density waves can be excited naturally
due to various instabilities or produced by means of con-
trolled action using specially designed devices (most com-
mon are electrical and laser radiation manipulations) [4].
The ion-dust streaming instability represents one of the
main mechanisms of spontaneous excitations of low fre-
quency paticle waves [11]. In typical laboratory condi-
tions, this instability originates from the ion drift through
the particle cloud, produced by external electric fields
that sustain the discharge. The ion-dust streaming in-
stability conditions have been extensively analysed, first
for the ideal weakly coupled complex plasma regime [12–
16] and, more recently, for the strongly coupled complex
plasma regime [17–19]. It has been demonstrated that
strong coupling, in general, leads to an enhancement of
the instability growth rate [19].
The purpose of this paper is to present a practical
(and rather general) condition (threshold) of the ion-
dust streaming instability in typical laboratory gas dis-
charges. Our main motivation is relevant to the PK-
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4 complex plasma laboratory, currently operational on-
board the International Space Station (ISS) [20], where
investigations of wave processes represent a significant
part of the overall research program [21, 22]. Taking
into account specifics of these experiments we extend
the analysis of Ref. [19] to the regime where the ion
mean free path with respect to collisions with neutrals
is shorter than the observed wavelengths. Regarding the
particle component, we take into account strong coupling
effects and particle-neutral collisions. We focus on linear
waves and sufficiently long wavelengths here, where the
acoustic-like dispersion takes place. Various complica-
tions, such as particle charge variations, forces affecting
particles (ion and electron drag, polarization force, etc.),
ion wakes behind the particles, particle drifts, etc. are
omitted to make the main problem tractable.
II. PLASMA PARAMETER REGIME
First, let us introduce the main dimensionless param-
eters which determine the dispersion relation and the in-
stability threshold in the considered situation. The ion
thermal Mach number is
M = u/vTi,
where u is the ion drift velocity and vTi =
√
Ti/mi is the
ion thermal velocity, with Ti and mi being the ion tem-
perature and mass, respectively. The ion collisionality
parameter is
θi = νi/ωpi ' λi/`i,
where νi is the ion-neutral collision frequency, ωpi =√
4pie2ni/mi is the ion plasma frequency, λi = vTi/ωpi
is the ion Debye radius, and `i is the ion mean free path
with respect to collisions with neutrals. The standard
notation is used: e is the elementary charge, ni is the ion
density, and ions are singly charged.
Similarly, the particle collisionality parameter is
θp = νp/ωp,
ar
X
iv
:2
00
7.
13
80
6v
1 
 [p
hy
sic
s.p
las
m-
ph
]  
27
 Ju
l 2
02
0
2where νp is the characteristic frequency of particle
momentum loss in particle-neutral collisions, ωp =√
4piQ2np/mp is the plasma frequency associated with
the particle component, Q is the particle charge, np is
the particle density, and mp is the particle mass.
To get an idea about the parameter regime of interest
here, consider the PK-4 laboratory on the ISS. Here the
particle are immersed in a long discharge tube. The par-
ticle cloud can slowly drift or be trapped inside the tube,
while the ions are drifting relative to the cloud due to
the presence of an axial electric field, E ∼ O(V/cm),
in the positive column of the discharge (see Ref. [20]
for further details). In order to characterize the dis-
charge, Langmuir probe measurements have been per-
formed in the particle-free plasma under different exper-
imental conditions in the laboratory [23]. For a repre-
sentative case of the discharge in neon at a current of
1 mA, the measured electron density, electron tempera-
ture, and electric field in the pressure range of 20 − 100
Pa are plotted in Fig. 3 of Ref. [24]. The pressure depen-
dence can be relatively well described by simple linear
fits [25, 26]: ne ' ni ' (0.9 + 0.03p[Pa]) × 108 (cm−3),
Te ' 8.3 − 0.02p[Pa] (eV), and E ' 2.1 (V/cm), where
p[Pa] is the pressure expressed in Pascals.
The results of calculating M , θi, and θp as functions
of pressure are shown in Fig. 1. The thermal Mach num-
ber is calculated from a modified Frost formula [27]. The
effective ion-neutral collision frequency, which accounts
for the ion drift effect, is then calculated from a simple
practical expression proposed in Ref. [28]. This, together
with pressure dependence of ni defines the ion collisional
ratio θi. The particle-neutral collision frequency is eval-
uated using the standard Epstein drag formula [29, 30].
The dust plasma frequency is estimated for a particle of
a = 1.7 µm radius, using a typical (constant) particle
density np ' 3 × 104 cm−3, and assuming a constant
reduced charge of z = |Q|e/aTe ' 0.3 (see Fig. 5 from
Ref. [24]). This allows us to evaluate the particle colli-
sional ratio θp.
The results are plotted in Fig. 1. We observe that the
ion drift becomes subthermal for p & 30 Pa. The ions
become highly collisional (θi > 1) at approximately the
same pressure. The Epstein frequency remains remains
smaller than the plasma-particle frequency (θp < 1) for
p . 60 Pa. Concerning the characteristic length scales,
the following hierarchy emerges. The screening length,
which can be approximated by the ion Debye radius,
varies in the range from λ ' 100 µm to λ ' 70 µm.
The interparticle separation is usually a factor of a few
longer. In the considered example with np = 3 × 104
cm−3, we get ∆ = n−1/3p ' 300 µm. The waves typically
observed experimentally, have wavelengths of the order
of a few millimetres, much longer than the interparti-
cle separation. Consequently we have kλ . k∆  1.
This overall situation is representative for many complex
plasma experiments in the laboratory (not only for the
PK-4 laboratory) and will be investigated in detail in the
remaining of this paper.
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FIG. 1. Ion thermal Mach number M along with the colli-
sionality parameters θi = νi/ωpi and θp = νp/ωp for the ion
and particles components, respectively, versus the neutral gas
pressure p. Calculation is for the conditions corresponding to
the PK-4 discharge in neon with the electrical current of 1
mA.
III. DISPERSION RELATION
The plasma dielectric permittivity is
(k, ω) = 1 +
∑
j
χj '
∑
j
χj , (1)
where the summation is over charged species j. The
last approximation applies to the long-wavelength limit,
where quasineutrality condition holds (and the Lapla-
cian in the Poisson equation can be neglected). We con-
sider a weakly ionized complex plasma consisting of three
charged component (electrons, ions, and charged parti-
cles) and one neutral component (neutral gas). For light
mobile electrons it is sufficient to keep the static contri-
bution
χe =
1
k2λ2e
, (2)
where λe =
√
Te/4pie2ne is the electron Debye radius.
The ion response is [31]
χi =
1
k2λ2i
1 + ξiZ(ξi)
1 + iνi√
2kvTi
Z(ξi)
, (3)
where ξi =
ω−k·u+iνi√
2kvTi
, and Z(x) is the plasma dispersion
function [32],
Z(x) =
1√
pi
∫ +∞
−∞
e−ζ
2
ζ − xdζ.
For the considered low-frequency mode associated with
the dynamics of the particle component we can safely
neglect ω in the argument ξi, since both inequalities ω 
|k · u| and ω  νi are very well satisfied [16]. Since
we will consider propagation along the ion flow, we will
simply use ku instead of k · u.
3The generalized particle response is
χp = −
ω2p
ω(ω + iνp)− ω2pDL(k)
, (4)
where
ω2pDL(k) =
n
m
∫
∂2φ(r)
∂z2
[g(r)− 1] [1− cos(k · z)] dr (5)
is the contribution from particle-particle correla-
tions within the quasilocalized-charge approximation
(QLCA) [33–37]. It is essentially the longitudinal pro-
jection of a dynamical matrix [19] and is expressed via
the pairwise interparticle interaction potential φ(r) and
the radial distribution function (RDF) g(r). The con-
tribution from particle-particle correlations vanishes in
the disordered gaseous regime with g(r) = 1. The inter-
particle interaction potential is usually assumed to be of
Yukawa (screened Coulomb) shape, but deviations from
this shape can also be treated within the QLCA [38].
The dispersion relation is determined from the condi-
tion (k, ω) = 0. Let us now consider some simple limit-
ing regimes and derive useful approximations, before de-
riving the general instability condition. First, consider
the simplest situation, when ion-neutral and particle-
neutral collisions, ion drift, and strongly coupled effects
are all absent. Then we get, in the long-wavelength limit,
the acoustic dispersion of the form
ω = ωpλk = cDAk, (6)
where cDA = ωpλ is the conventional dust acoustic ve-
locity [7], and λ is the linearised Debye radius, λ−2 =
λ−2e + λ
−2
i (in the usual situation with Te  Ti we have
λ ' λi, as mentioned earlier).
If we keep the plasma collisionless and isotropic (no
ion drift), but retain the strongly coupled effects, the
real part of the dispersion relation becomes
ω2 = ω2pλ
2k2 + ω2pDL(k) = c2sk2, (7)
where cs is the resulting sound velocity. The strong cou-
pling correction DL(k) is negative and hence the sound
velocity is reduced compared to the weakly coupled DA
value, cs < cDA [34–36]. This effect is small near the
one-component plasma limit, when κ = ∆/λ < 1, but
becomes very well pronounced as κ increases [39–41]. A
practical approach to estimate DL(k) will be discussed
in Section V.
Next, we neglect dust-neutral collisions and strong cou-
pling effects, but allow for the ion drift and ion-neutral
collisions. The first useful observation is that with in-
creasing the ion collisionality, the ion response χi can be
well described by the conventional hydrodynamic expres-
sion [42, 43]
χi = −
ω2pi
ku(ku− iνi)− k2v2Ti
=
k−2λ−2i
1−M2 + iM(νi/kvTi) .
(8)
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FIG. 2. Ion susceptibility versus the Mach number for two
regimes of ion collisionality: νi/kvTi =
√
2 (a) and νi/kvTi =
3
√
2 (b). The solid curves correspond to Eq. (3) and the
dashed curves to Eq. (8).
Figure 2 illustrates this. Here we plot the ion suscep-
tibilities Re[χi] and Im[χi], expressed in units k
−2λ−2,
versus the ion thermal Mach number. Figure 2(a) cor-
responds to the case νi/kvTi =
√
2 and figure 2(b) to
the case νi/kvTi = 3
√
2. In the second case, the dif-
ference between Eqs. (3) and (8) becomes vanishingly
small at all M . This observation can be used to simplify
the description of the low frequency mode at sufficiently
high ion collisionality. The conventional hydrodynamic
expression becomes appropriate when the ion mean free
path becomes smaller than the wavelength.
Another related question is how the sound velocity
of the low-frequency mode is affected by ion streaming.
This issue has been discussed for instance in Ref. [10],
where it has been demonstrated that the phase velocity
of the dust density waves can deviate greatly from the
DA velocity for fast ions. This effect can be accounted
for by introducing an effective screening length so that
cs = ωpλeff , where λeff takes into account modifications of
the plasma shielding by drifting ions. In the limit of van-
ishing drift we have λeff ' λi, while in the opposite limit
of very large ion drift velocity we get λeff ' λe, since high
energy ions do not contribute to screening. Various sim-
ple expressions that smoothly interpolate between these
two limits have been proposed in the literature, mostly
in the context of calculating the ion drag force acting on
a charged particle immersed in a plasma with drifting
ions [4, 10, 44, 45].
We have evaluated the low-frequency mode sound ve-
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FIG. 3. Ratio of the sound velocity to the dust-acoustic ve-
locity versus the ion thermal Mach number for three values
of ion collisionality (see the legend).
locity in the extended range of ion thermal Mach num-
bers for three different values of the ion collisionality
parameter νi/kvTi. The calculation is done for a high
electron-to-ion temperature ratio, Te = 100Ti, appropri-
ate for typical gas discharge conditions. The results are
shown in Fig. 3. The higher values of M are not very
relevant for experiments with the PK-4 laboratory, they
are displayed here for completeness. Figure 3 demon-
strates that the actual dependence of cs on M is quite
complex and non-universal. Ion drifts can either slow
down the waves (at weak ion collisionality and subsonic
ion drifts) or accelerate the waves (at high ion collisional-
ity and supersonic ion drifts), with obvious implications
for the effective screening length. The variations can
be quite pronounced (orders of magnitude). Thus, su-
perthermal ion drifts constitute a very important factor
affecting and regulating the sound velocity of the low-
frequency particle mode, along with the strongly cou-
pling effects [34, 39, 40], deviations from the screened
Coulomb interaction potential [38, 46], and space dimen-
sionality [41, 46]. In the limit of very high ion drift veloc-
ity, M &
√
Te/Ti, the asymptote cs ' cDA
√
Te/Ti will
be reached, corresponding to λeff ' λe (see Fig. 3). The
limiting asymptote is approached from above, indepen-
dently of the ion collisionality level. This regime is not
of immediate interest here, it is more relevant for sheath
regions in gas discharges with supersonic ion drifts.
IV. INSTABILITY THRESHOLD
Now we will address the question of stability of the
low-frequency particle mode, associated with the ion drift
relative to the particle component. We will concentrate
on subthermal ion drifts, M . 1. We consider three situ-
ations separately, which can be characterized as “weakly
collisional ions + weakly colisional particles”, “strongly
collisional ions + weakly collisional particles”, and “
strongly collisional ions + strongly collisional particles”,
respectively. The ion collisionality with respect to parti-
cle mode propagation is characterized by the parameter
νi/kvTi, which is roughly the ratio of the wavelength to
the ion free path. The particle (dust) collisionality is
characterized by the ratio of the Epstein collisional drag
to the actual wave frequency, νp/ω. Note that these defi-
nitions are different from those used in Sec. II above, but
are more appropriate for the problem of wave propaga-
tions. In each case considered we will identify the effects
which stabilize and destabilize the wave and derive rather
general conditions of instability occurrence.
A. Collisionless ion regime
This regime has been investigated by Rosenberg et
al. [19] and we consider it only briefly, for completeness.
In the first approximation, the condition Re[(k, ω)] = 0
delivers the dispersion relation of the form (7). The imag-
inary part of the ion response yields
Im[χi] ' − M
k2λ2i
√
pi
2
. (9)
It destabilises the wave. The imaginary contribution
from the particle component in this long-wavelength
regime reads
Im[χp] '
νpω
2
pω
[ω2 − ω2pDL(k)]2
' νpω
2
pkcs
(ωpkλ)4
, (10)
where we have used Eq. (7) along with the acoustic dis-
persion ω ' kcs. The particles stabilize the wave through
the dissipative damping associated with the particle-
neutral collisions. The necessary condition for the in-
stability is Im[χi] > Im[χp]. This can be rewritten as the
condition on the ion thermal Mach number
M >
√
2
pi
νp
ωp
cs
cDA
1
kλ
, (11)
where it has been assumed λi ' λ for simplicity. When
strong coupling effects are negligible, we have cs ' cDA
and the instability condition can be further simplified.
When strong coupling effects are important, we have
cs < cDA, and the instability condition shifts to lower
M (or, equivalently, the instability growth rate increases
at the same M [19]). The physical reason is that the
magnitude of the stabilizing term Im[χp], which is pro-
portional to the actual sound velocity, decreases at strong
coupling. This facilitates the instability onset and in-
creases its growth rate. In this regime, the ion drift does
not affect the sound velocity as long as M < 1.
In the weakly coupled regime, the condition (11) can
be consistent with subthermal drift regime (M < 1) only
in the regime νp/ωp < kλ 1.
B. Collisional ion regime
This regime corresponds to the situation where
νi/kvTi  1 and, therefore, the hydrodynamic expres-
5sion for the ion response (8) can be used. The ion con-
tribution to the imaginary part is
Im[χi] ' − νiMkvTi
k2λ2i [k
2v2Ti(1−M2)2 + ν2iM2]
. (12)
The particle contribution is still given by Eq. (10). Con-
sider first the case of an infinitesimally slow drift, such
that Mνi . kvTi. Neglecting the difference between λ
and λi, and M
2 in comparison to unity, we can rewrite
the instability condition as
νiM
vTi
≡ eE
Ti
& νpcs
c2DA
, (13)
where E is the electric field. If, in addition, the particle
component is in the weakly coupled (or weakly screened)
regime, so that cs ' cDA we arrive at the condition for the
critical electric field, which is necessary for the instability
to operate:
E & Ecr =
Ti
e
νp
cDA
. (14)
This condition has been proposed in Ref. [47] and is often
quoted as the critical electric field required for the onset
of self-excited wave generation [21, 48]. It may appear
from the presented derivation that its applicability con-
ditions are rather limited. In particular, a very slow ion
drift is assumed, which is atypical in practical situations.
However, we will see below that this condition can be
quite useful in another parameter regime, more relevant
to real experimental situations. Strong coupling effects
facilitate the instability occurrence by lowering the ra-
tio cs/cDA. Ion streaming effects do not affect the sound
velocity at such small Mach numbers.
For a more conventional situation with M ∼ 1 (see
Fig. 1) we should take the limit Mνi & kvTi. Neglecting
again the difference between λ and λi we arrive at the
instability condition of the form
kλ >
√
θiθpM
cs
cDA
. (15)
To be consistent with the condition of long-wavelength
regime kλ  1, the right-hand-side of Eq. (15) should
be much smaller than unity. We see again that for oth-
erwise identical parameters strong coupling effects would
facilitate the instability occurrence by reducing the fac-
tor cs/cDA. Note, however, that in this situation the
combined effect of the ion drift and ion-neutral collisions
can act in the opposite direction by enhancing the wave
sound velocity (see Fig. 3).
C. Collisional particle regime
This regime corresponds to relatively high gas pres-
sures, so that νi/kvTi  1 and νp > ω. We also con-
sider non-vanishing drifts, so that Mνi & kvTi. In this
case, the ion and particle susceptibilities are dominated
by their respective imaginary parts. Equating these we
readily obtain for the real frequency
ω ' ωpkλiM(θi/θp) = csk. (16)
In this case the sound velocity is completely determined
by the combination of ion drift and collisional effects;
strong coupling is not important in the first approxima-
tion. This mode has been discussed earlier in the lit-
erature, see for instance Ref. [49], where in addition to
ion drift and collisions, the effect of particle charge varia-
tions has been retained. In connection to waves in PK-4
laboratory, this dispersion law has been invoked for the
interpretation of dust density waves with discharge po-
larity reversal [21, 22]. There are good reasons to expect
that this mode is particularly relevant for the conditions
of the PK-4 experiment as well as other experiments per-
formed at moderate gas pressures.
A stability analysis, appropriate for the regime con-
sidered, has been performed in Ref. [22]. The competi-
tion between the remaining real terms in the expressions
for (k, ω) determines whether the wave is unstable or
damped. The instability condition reads
ω2p
[
ω2 − ω2pDL(k)
]
ν2pω
2
>
1
k2λ2e
+
ω2pi
ν2iM
2
. (17)
The necessary requirement should be satisfied
ω2p
[
ω2 − ω2pDL(k)
]
M2 > ω2piω
2
ν2p
ν2i
. (18)
If this condition is satisfied, then equation (17) can be
used to estimate the critical wavenumber above which the
instability can operate, similarly to how this was done for
a weakly coupled complex plasma in Refs. [22, 49].
In the weakly coupled regime, the requirement (18)
reduces to
H = M(θi/θp) > 1. (19)
We observe that H is a very important parameter, which
in the considered regime determines the sound velocity
of the low-frequency particle mode as well as its insta-
bility condition. The condition (19) can be easily met in
real experiments at sufficiently low pressures (see Fig 1
for an example). It implies that the wave phase veloc-
ity exceeds the conventional DA velocity. Interestingly
enough, rewritten in the appropriate form, this condition
coincides with that given in Eq. (14), another demon-
stration of its general importance. Effects of strong cou-
pling further facilitate the instability occurrence, because
DL(k) < 0 and thus the term responsible for wave desta-
bilization increases at strong coupling.
V. HOW TO ESTIMATE DL(k)?
The rather general expressions derived in the preceding
sections have demonstrated that the effect of strong cou-
pling can affect (viaDL(k)) both the sound velocity of the
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FIG. 4. Reduced longitudinal projection of a dynamical ma-
trix, ω2pDL(k)/c2DAk2, in the long-wavelength regime versus
the screening parameter κ.
low-frequency particle mode and its growth or dissipation
rate. Simple practical tools to evaluate DL(k) would be
helpful. There are no principle difficulties in obtaining
accurate RDFs (via various integral equation schemes or
via the direct molecular dynamics (MD) or Monte Carlo
(MC) simulations [50–52]), and then performing numeri-
cal integration in Eq. (5). However, there are much sim-
pler approaches, which deliver essentially the same accu-
racy in the considered long-wavelength limit.
One particularly simple approach is to use a simplest
one-step approximation for the RDF [36]. In this ap-
proximation g(r) = θ(r − R), where θ(x) is the Heavi-
side step function, and R is the correlational hole radius,
which accounts for strong interparticle repulsion at short
separations. The latter is a free adjusting parameter,
which can be determined from the condition that the in-
ternal energy (or pressure) are correctly evaluated from
this one-step approximation. This simple model is par-
ticularly appropriate for soft repulsive potentials, where
the cumulative contribution from long distances (where
g(r) oscillates around unity) dominates [53–56] and for
the long-wavelength regime considered here.
With this simple model RDF, the integral in Eq. (5)
is easily evaluated analytically [36, 37]. In the long-
wavelength limit the we can obtain:
ω2pD(k) = c2DAk2 [f(κR)− 1] , (20)
where κ is the screening parameter, κ = (4pinp/3)
−1/3/λ,
and the function f(x) is defined via [57]
f(x) = e−x
(
1 + x+
13
30
x2 +
1
10
x3
)
.
A good empirical approximation for the correlational hole
radius in the strongly coupled regime is provided by
R(κ) ' 1.0955 + 110κ− 1180κ2. (21)
The dependence f(κR)− 1 on κ is plotted in Fig. 4. We
observe that the magnitude of strong coupling effects is
relatively small at weak screening (κ . 1), but becomes
quite important at κ > 1.
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FIG. 5. The dimensionless parameter H = M(θi/θp) versus
the neutral gas pressure for the parameters summarized in
Section II.
Similar results could be obtained with a two-step ap-
proximation for the RDF, discussed recently [58]. Al-
ternatively, since in the long-wavelength regime we can
write ω2pDL(k) ' (c2s − c2DA)k2, we can use a thermody-
namic consideration to calculate cs [39, 40], based on the
knowledge of an accurate equation of state of Yukawa
fluids [59, 60].
VI. NUMERICAL EXAMPLE
Let us use the parameter regime of Section II to pro-
vide an illustration of the obtained results. For simplic-
ity we fix the particle density and treat the neutral gas
pressure as the varying parameter. Figure 5 plots the
parameter H versus the neutral gas pressure. Condition
(19) is satisfied for p . 50 Pa, which can be used as a
first approximation for the instability threshold.
Figure 6 presents three examples of the long-
wavelength dispersion relations of the low-frequency
mode propagating along the ion flow for the plasma pa-
rameters discussed in Section II. These are different by
the neutral gas pressure, which increases from p = 40
Pa in (a), through p = 55 Pa in (b), to p = 75 Pa in
(c). The dispersion relations have been calculated nu-
merically by equating (1) to zero with the electron re-
sponse from Eq. (2), the ion response from the hydro-
dynamic expression (8), and the particle response from
Eq. (4). The electron-to-ion temperature ratio is fixed at
Te/Ti = 100. Solid curves correspond to retained strong
coupling effects, dashed curves to the calculation without
strong coupling. We observe that for the case investi-
gated the real frequency is not very sensitive to the strong
coupling effects. The wave phase velocity decreases with
pressure, in agreement with Eq (16) and Fig 5. The
imaginary part of the frequency is much more sensitive
to the strong coupling effects. At p = 40 Pa the wave
is unstable, independently of whether strong coupling ef-
fects are included or not. Strong coupling effects enhance
the instability growth rate. At p = 55 Pa the mode is
only unstable when strong coupling effects are accounted
7for. At p = 75 Pa the mode becomes damped, indepen-
dently of whether strong coupling effects are included or
not. Thus, Eq. (19) can be considered as an appropri-
ate first guess for the instability threshold. At the same
time, strong coupling effects can shift the threshold to
considerably higher pressures.
VII. CONCLUSION
We have investigated the properties of a low-frequency
particle mode and its instability in a collisional complex
plasma with drifting ions, taking into account the effects
of strong coupling in the particle component. We have
considered sufficiently long wavelengths, for which acous-
tic dispersion takes place. First, we have studied the
effect of ion drift on the phase (sound) velocity of the
mode. It has been demonstrated that for a superther-
mal ion drift, the ion flow can either slow down or accel-
erate the wave (compared to the conventional isotropic
DA wave), depending on the ion collisionality. Then,
considering subthermal ion drifts, a general condition of
the mode instability has been derived. This extends the
analysis of Ref. [19], which is limited to the weakly colli-
sional ion regime, to the regime where the ion mean free
path with respect to collisions with neutrals is shorter
than the mode wavelength. We observe that quite gen-
erally strong coupling effects promote the instability by
simplifying its occurrence and enhancing its growth rate.
We give a recipe on how to evaluate strong coupling ef-
fects numerically. A numerical example is presented to
clearly illustrate the obtained results. The wide param-
eter regime considered in this study is representative to
the PK-4 experiment, currently operational on board the
International Space Station, as well as many other labo-
ratory experiments with complex plasmas in weak exter-
nal electric fields. The obtained results should be useful
in analysing and interpreting observations in these ex-
periments.
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